Total Word Count: 3784 Aim: The aim of the study was to determine if a high salt meal containing 65mmol 2
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT Introduction 24
There is substantial evidence of the adverse effects of high sodium intakes on blood 25 pressure and cardiovascular health (1, 2) . Accumulating evidence suggests that there 26 are adverse effects of a high sodium intake on endothelial function that are 27 independent of blood pressure (3) . Endothelial dysfunction is regarded as an 28 important initial event in atherogenesis and impaired nitric oxide (NO) production is 29 thought to be a common pathway of endothelial injury and progression to clinical 30 cardiovascular disease (CVD) (4, 5) . 31 Endothelium dependent dilatation and endothelial NO production have been 32
shown to be impaired by short term high salt intakes (6) (7) (8) . We previously 33 demonstrated that flow-mediated dilatation (FMD), a measure of endothelium 34 dependent vasodilatation, is significantly impaired after a meal containing 65mmol 35 Na compared with a meal containing 5mmol Na/day but whether NO concentrations 36 are altered following a high salt meal had not been demonstrated (9) . 37
Arterial stiffness, a predictor of cardiovascular risk and mortality has been 38 shown to improve with salt reduction (10) (11) (12) . However the postprandial effects of a 39 high salt meal on measures of vascular stiffness as measured by augmentation index 40 (AIx) it is unknown. 41
Elevated circulating levels of endothelin-1 (ET-1) are a hallmark of 42 endothelial dysfunction. Chronic excess dietary sodium intake has been shown to 43 increase ET-1 expression but it is not known if ET-1 is altered acutely by a high 44 sodium meal (13) . Studies also suggest that inflammatory markers such as C-reactive 45 protein (CRP) are associated with higher dietary sodium intakes in hypertensive 46 individuals but it is not known if CRP is altered in response to a high salt meal (14) .
person independent to the study (CLINSTAT software; Martin Bland, York, United 85 Kingdom). Participants were required to fast from 10pm the night before (no food, 86 water only) and refrain from alcohol, smoking, vigorous exercise and caffeine in the 87 24hours prior to each study. On arrival, body height was measured at baseline to the 88 nearest 0.1 cm with a stadiometer (SECA, Hamburg, Germany) while the participants 89 were barefoot. Body weight was measured to the nearest 0.05 kg with calibrated 90 electronic digital scales (AMZ 14; Mercury, Tokyo, Japan) while the participants 91 were wearing light clothing and no footwear. The AIx was estimated by radial applanation tonometry using the SphygmoCor blood 100 pressure analysis system (AtCor Medical, Sydney, Australia) as previously described 101 (17). Three consecutive measurements were performed. The intraobserver CV for AIx 102 in our hands was 12.8% on the basis of data for healthy individuals (n = 12) who were 103 tested on 2 separate occasions (3). A fasting venous blood sample was taken for 104 measurement of serum electrolytes, plasma osmolality and plasma nitrate/nitrite, ET-105 1, CRP, ANP and AVP. Fasting baseline parameters were assessed between 0800 and 106 0845 after which participants consumed 250ml soup within 5 minutes. Australia Pty Ltd, PO Box 515, Malvern, Victoria, Australia). Plasma AVP was 120 measured by radioimmunoassay as previously described (18, 19) . The inter-assay and 121 intra-assay coefficients of variation were less than 8% and the limit of detection was 122 approximately 1 pmol/l. Plasma nitrate/nitrite levels were measured in duplicate using 123 a commercially available enzyme immunoassay kit (Nitrate/nitrite Colorimetric Assay 124 Kit, Cayman Chemical Company Ann Arbor, MI). After filtration using 30-kD 125 microfuge ultrafilters (Nanosep 30k Omega Centrifugal Device, PALL Life sciences 126
Ann Arbor, MI, USA), 40 µL of plasma was diluted with 200 µL assay buffer and 127 mixed with 10µL enzyme cofactor and 10µL nitrate reductase After the plasma had 128 been kept at room temperature for 3 hours to convert nitrate to nitrite, total nitrate was 129 measured at 540 nm absorbance following reaction with Griess reagent (sulfanilamide 130 and naphthalene-ethylene diamine dihydrochloride). The intra-assay CV was 2.7% 131 and the inter-assay CV 3.4% and the limit of detection was approximately 2.5µM. 132
Plasma ET-1 levels were measured in duplicate using a commercially availableM A N U S C R I P T
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enzyme immunoassay kit (Human Endothelin-1 Immunoassay Kit, R&D System, Inc 134
Minneapolis, MN) according to the manufacturer's instructions. The intra-assay CV 135 was 4.6% and the inter-assay CV 6.5% and the limit of detection was approximately 136
1.0pg/ml. 137
Thirst visual analogue scale 138
Thirst was assessed at the time of blood sampling using a well-validated 10cm visual 139 analogue scale as previously described (20) . Participants were asked the question 140 "How thirsty do you feel?" and asked to indicate a vertical line on the scale between 141 "no thirst" at 0cm and "very severe thirst" at 10cm to represent their thirst. The thirst 142 rating was defined as the distance (in mm) of the subject's mark from 'no thirst' at 143 0cm. 144
Statistical Analyses 145
Based on a previously study of sodium loading we had 80% power (α = 0.05) to 146 detect a mean difference in serum sodium of 2.1 mmol/l in a cross-over design with 147 16 participants (21) . Preliminary analyses were conducted to assess normality using 148 Sixteen participants completed the protocol. There were no significant differences 173 between any fasting clinical and biochemical variables between treatments (Table 1) . 174
Biochemical parameters 175
The high sodium meal increased serum sodium concentration within 60minutes 176 compared with the low sodium meal (HSM 141±1. (Table 2 ) 199
Blood pressure 200
There was no significant difference in SBP, DBP, MAP or HR at baseline (Table 1) This study demonstrated that a meal containing 65mmol sodium raised postprandial 214 sodium by 1.5mmol/l in a group of healthy normotensive adults. We have previously 215
shown that administration of an similar sodium load in a group of healthy 216 normotensive individuals impaired postprandial flow-mediated dilatation, a nitric 217 oxide-dependant response, within 60 minutes (9) . We hypothesised that the 218 mechanism responsible for this observation would be a rise in postprandial serum 219 sodium and a concomitant decrease in NO production. Studies in vitro have suggested 220 this as a physiologically plausible mechanism in the postprandial state (24, 25) . A 221 number of studies have shown that chronic sodium loading decreases NO 222 bioavailability among patients who were hypertensive or sodium sensitive (7, 26) . 223
The dietary sodium load in these studies was substantially higher than in the present 224 study. It may be the sodium load was not sufficient to induce alterations in plasma 225 nitrate/nitrite within the 2-hour postprandial period. Two in-vitro studies have 226 demonstrated a significant reduction in nitric oxide bioavailability and nitric oxide 227 synthase activity when plasma sodium was increased (25, 26) . The magnitude of 228 change in sodium in these studies was in the range of 5-10mmol/l, which is greater 229 than the maximum change observed in the current study. 230
However, concentrations of nitrate/nitrite did not change after the high sodium meal 231 despite the significant rise in serum sodium observed in the present study suggesting 232 that other mechanisms are involved. Other investigators observed a similar rise in 233 serum sodium concentration and osmolality following a meal containing 100mmol of 234 sodium (21) . They also observed a rise in BP which was not replicated in the present 235 study. 236
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We found that arterial stiffness, as measured by augmentation index , was increased to 237 a greater extent (approximately 2% greater increase) following the high sodium meal. 238
Previous longer term studies have shown that arterial stiffness is higher with increased 239 sodium intakes but to our knowledge this is the first time augmentation index 240 responses have been described after a high sodium meal (10) . Contrary to our 241 hypothesis these changes are not explained by changes in nitric oxide bioavailability 242 as nitrate/nitrite was not different between treatments, despite the association between 243 nitric oxide, sodium and endothelial cell stiffness demonstrated in vivo (25) . Other 244 possible mechanisms that may explain these effects could be endothelium-245 independent alterations in vascular smooth muscle cells caused by a higher sodium 246 intake which were not examined in the current study (27) . The renin-angiotensin-247 aldosterone system is suppressed by a high sodium intake (28) . In a study in athletes 248 aldosterone concentration decreased by 36.5% after ingestion of sodium citrate with 249 no change in renin (29) . In our study vascular compliance as assessed by 250 augmentation index was worse after the high salt meal with no effect on BP. 251
However we did not analyse renin and aldosterone in the study but a reduction in 252 aldosterone would not be expected to account for the vascular changes. There were no 253 significant differences in plasma ET-1 following the meals. These results contrast 254 with previous findings of chronic high sodium intake that demonstrate increased 255 aortic ET-1 expression suggesting that ET-1 does not change acutely (13) . 256
Compensatory mechanisms stimulated when serum sodium is raised and osmolality 257 increases include fluid movement from the intracellular to the extracellular 258 intravascular space, which if large enough may be accompanied by an increase in BP. 259
However we did not observe any differences in BP in response to the meals, nor was 260 there any correlation between BP and nitrate/nitrite concentration. This is in contrast 261 M A N U S C R I P T
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15 to a recent sodium loading study that reported a 1mmol increase in plasma sodium 262 which was associated with an increase in SBP of 1.91mmHg over a 4hour 263 postprandial period (21) . 264
We also studied the response of vasoactive hormones to the high and low sodium 265 meals as a potential mechanism for the conduit vessel vasodilatation we reported 266 previously (9) . Following meal ingestion we observed a parallel decrease in ANP that 267 occurred within 30 minutes following both meals with no significant differences 268 between meals. ANP concentrations returned to fasting levels within the 2-hour 269 period. Previous studies have also shown ANP levels to be unaffected by oral sodium-270 loading or intravenous saline infusion (15) . One study showed a transient, but 271 significant increase in plasma ANP at 30minutes following a 100mmol sodium load 272 compared with 5mmol sodium control meal, but levels returned to fasting values 273 within 60 minutes (30) . 274
Secretion of AVP, primarily stimulated by increased plasma osmolality, acts 275 as a vasoconstrictor at high concentrations and is also stimulated by thirst. Despite the 276 observed increase in osmolality with the high sodium meal we did not observe a rise 277 in AVP nor was there a significant difference in AVP between the two meals over 278 time. Participants were fasted, which may account for a higher AVP concentration at 279 the time of baseline assessments. We also measured thirst, using a validated visual 280 analogue scale which was significantly increased with the high sodium meal (20) . 281
However, there was no relationship between the change in thirst and change in AVP. 282
This study used an amount of sodium-chloride typical of that in current foods and 283 single meals consumed in developed countries (31) . However, to produce a change in 284 serum sodium concentration of the magnitude observed in vitro studies it may not be 285 physiologically possible with oral sodium loading alone, without adverse effects ( e.g.
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nausea and vomiting). We did not attempt to control dietary sodium or nitrate intake 287 during the wash-out period, as we believed that the randomised design of the study 288 would account for differences in habitual food intake. 289
Limitations of the study include the number of subjects although more than adequate 290 for serum sodium and osmolality was relatively low for the vascular measures. The 291 measurement period of 2 hours was relatively short and a longer collection period 292 would have provided more information on serum sodium and osmolality. Dietary 293 sodium or nitrate intakes were not controlled during the wash-out period which may 294 have influenced the outcome. Participants were asked to replicate their food intake 295 prior to the second study day referring to a 24hr recall which was taken on the first 296 study day. 297
In conclusion, our results demonstrate that postprandial serum sodium and 298 augmentation index are significantly increased after a meal containing 65mmol Na, 
